Abstract
Introduction

57
The emergence of nontuberculous mycobacteria (NTM) infection in immunocompromised hosts, 58 the elderly, patients with cystic fibrosis (CF), and patients with non-CF chronic lung disease (COPD,
59
asthma, non-CF bronchiectasis) has prompted genomic investigations aimed at uncovering the 60 determinants of pathogenicity, transmission, evolution, and adaptation (1-10). Recent studies of 61 bacterial evolution and phylogenomics have been revolutionized by more available and affordable of 62 whole genome sequencing (WGS) (11) (12) (13) (14) (15) . Whole genome sequencing of NTM has begun to shed light 63 on taxonomic conundrums, transmissibility, and global evolution (16) (17) (18) (19) (20) (21) (22) (23) (24) . However, the unique 64 challenges of slow growth rates and inefficient DNA extraction have impeded rigorous genomic 65 investigation of NTM.
66
Over recent years, the vast majority of genomic analysis has relied on short-read, shot-gun 67 sequencing (125-500 base pairs), which can deliver exceptional accuracy, but rarely produces closed 
75
(as low as 1 ng), long-read platforms require high quantities of very pure DNA for acceptable 76 processing (Table 1) . DNA purity and integrity (i.e., length or molecular weight [MW] ) is not only 77 essential for functionality of the sequencer, but also is directly related to the quality of downstream 78 bioinformatic analyses, as the DNA MW places a natural upper bound on the potential read length.
79
Extracting large quantities of intact, pure genomic DNA is exceptionally challenging with NTM 
92
Materials and Methods
93
Bacterial growth
94
Clinical isolates of M. avium complex were grown from frozen stocks to Löwenstein-Jensen slants and
95
sub-cultured to Middlebrook 7H11 plates. Single colonies from 7H11 plates were inoculated in
96
Middlebrook 7H9 broth supplemented with 10% OADC and incubated statically at 37°C for 2 weeks.
97
Bacterial cultures were pelleted (4500 rpm x 10 min) and stored at -20°C until time of extraction.
98
DNA extraction
99
The following extraction protocol described is "Method 5." Alternate methods are described in Table 2 .
100
Method 3 corresponds to the protocol by Käser et al (32) . The comprehensive protocol with thorough 101 descriptions of each step and reagent recipes is provided in Supplemental Figure 1 . 
111
Cell walls were additionally lysed in lysozyme (final concentration 10 mg/mL) for 1 hour at 37°C.
5
Proteinase K (final concentration 200 µg/mL) was added and samples were incubated at 37°C for 90 113 minutes with mixing by turning end-over-end by hand every 30 minutes. The lysates were centrifuged
114
(4500 rpm x 10 min followed by 14,000 rpm x 2 min) and supernatants transferred to 2 mL 5Prime Light 
148
Results
149
Initial bacterial pellets averaged a normalized "washed weight" of 26.4 mg. With the exception of
150
Method 6, all methods tested produced sufficient total DNA quantity and concentration ( Figure 1a , 1b).
151
Methods 1 and 3 produced the highest total amounts of DNA with 12.45 and 11.43 µg of DNA,
152
respectively (Table 3 ). All methods except Method 6 gave sufficient 260/280, indicating low protein 164 demonstrated a lower probability of a miscalled base at any given position with Illumina sequencing
165
(0.02% versus 5.01%).
166
Quality control statistics of assembled genomes computed in QUAST and assembly graphs 167 generated by Bandage are featured in Figure 4 (42, 44). Short-read only assemblies were considerably 7 more fragmented with an average of 90 contigs compared to the long-reads only and hybrid 169 assemblies, which averaged 13 and 7 contigs, respectively. The best assembly (CHOP101174, hybrid) 
194
The trademark of the mycobacterial cell wall is its heavily lipophilic exterior. In addition, 
206
of SDS likely assist with mechanical lysis and may additionally protect exposed DNA from degradation.
207
There are several reasons why long-read sequences are important for the interpretation of 208 genomic evolution and phylogeny. Studies aimed at understanding patterns of transmission and intra-
209
host adaptation must pay specific attention to unique genomic characteristics, such as mosaicism (46) 
217
Undoubtedly, long-read assembled genomes are the way of the future. As technology improves, 218 assembly construction will be less and less reliant on short-read sequencing. However, we will remain 219 at the mercy of the cell wall, and continue to be faced with the delicate challenge of mining unscathed
220
DNA from a distinctly robust substrate. Here, we presented a finely-tuned extraction method designed 221 for preparation of highly purified DNA to be used for long-read sequencing and demonstrated the ability Gurevich A, Saveliev V, Vyahhi N, Tesler G. 2013 
439
* "Early" bead-beating refers to the timing prior to enzymatic digestion; "Late" bead-beating refers to timing after enzymatic digestion.
440
All Early bead-beating was done in high SDS concentration, see Supplemental Figure 1 .
441 † DNA extractions in "Phenol" were extracted as described in the Materials and Methods with phenol:chloroform:isoamyl alcohol
442
(25:24:1, Tris-saturated, pH 8.0); extractions in "No phenol" were extracted using chloroform:isoamyl alcohol (24:1, Tris-saturated). 482 † Error probability percentage is a function of Mean Phred score, where probability P%=100*10^(-Phred/10). 
